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Foreword

Over the past 15 years engineers and scientists at the U. S. Army

Engineer Waterways Experiment Statior (WES), Vicksburg, Miss., have en-

gaged in studies directed toward using various remote-sensing instru-

ments to gain information about ground conditions, Early investigations

were directed toward development of an airborne electromagnetic se--sing

device for use in the study of terrain factors that affect the traffic-

o .1lity of soils. These studies included devices operating the micro-

wave, visible, and infrared portions of the electromagnetic spectrum

and resulted in a series of reports under the general title "Terrain

Analysis by Electromagnetic Means."

At the same time studieb were made to determine effects of various

factors in the natural environment on the activities of man and the

effects of the activities of man on his environment and to develop tech-

niques for specifying the performance requirements of var'ous items oV

materiel on the basis of the environment in which the materiel is to oe

operated.

This work has resulted in substantial experience in design, de-

velopment, and utilization of various remote sensors; development of

data acquisition, storage, retrieval, and utilization techniques; and

marriage of the two into an overview of what is believed to be an effec-

tive means of using remote sensors to solve various problems.

This report Lresents a general overview of the state-of-the-art

of remote sensing as perceived by WES and introduces some of the capa-

bilities at WES that have been developed in connection with past

projects.

Studies that have led to this report were conducted by personne-,
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of the Mobility and Environmental Systems Laboratory (MESL), formerly

Mobility and Environmental Division, and the Soils and Pavements I.bora-

tory (SPL), formerly Soils Division. All portions of this %ark were

under the general supervision of Mr. W. G. Shockley, Chief, MESL,

Mr. W. J. Turnbull, former Chief of the Soils Division, and Mr. J. P.

Sale, Chief, SPL. This report was written by Messrs. A. N. Williamson

and W. E. Grabau, NESL, and W. K. Dornbusch, SPL.

Directors of the WES during the conduct of this study and prepara-

tion of this report were COL A. G. Sutton, Jr., CE, COL J. R. Oswalt,

Jr., CE, COL L. A. Brown, CE, WG F. D. Peixotto, CE, and COL G. H. Hilt,

CE. Technical Directors were Messrs. J. B. Tiffany and F. R. Brown.
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Conversion Factors, British to Metric Units of Measurement

British units of measurement used in this report can be converted to

metric units as follows:

Multiply By To Obtain

inches 2.54 centimeters

feet 0.3048 meters

miles 1.609344 kilometers

3
cubic feet/second 0. 02831685 meter3/second

acre-foot 1233.482 meter3

square miles 2589.988 square
kilometers
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Summary

Successful use o: remote sensors requires considerably more than
just taking some imagery or flying an area. Six esseutial processes
that must te accomplished if use of a remote-sensing system is to re-
sult in ueful information are defined herein as problem specification,
ground control data acquisition, remote-sensor information acquisit c..,
data manipulation, information extraction, and information presentation.
Identification of these processes is the result of much experience at
WES in remote-sensing techniques. Several fairly common and not so
common sensor types are introduced, and some devices and information
extraction and presentation techniques found to be useful in remote-
sensing projects are described. An overview of the current btate-of-
the-art of remote sensing is presented and some of the current remote-
sensing capabilities of WES are introduced.
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REMM-SENSING PRACTICE AND POTENTIAL

Introduction

We have two objectives in presenting this report.

a. First, to convey to you a general overview of the state-of-
the-art of remcte sensing, as we perceive it. We thitik
this may prove useful, because the art is presently
rapidly advancing; new capabilities are being developed on
an almost day-by-day basis, and it's hard to keep up with
them even when one is, himself, involved in research in
this area.

b. Second, to provide you with some insight into the current
capabilities of the U. S. Army Engineer Waterways Experi-
ment Station (WES) in the field of remote sensing and
related areas. This capability has evolved as a product
of research and development programs funded by a number of
agencies. Prominent among t',,e are Army Materiel Command,
the Military Engineering and Topographic Directorate, and
the Military Construction Direct rate of the Corps of
Engineers. We do not, by this, mean to imply that support
from civil agencies has been lacking. For example, some
very recent advances have stemmed from research programs
funded by the National Aeronautics and Space Administration
(NASA).

The term "remote sensing" is surely used in almost as many senses

as there are people using the term. For the present purpose, the term

describes any method of obtaining information about the environment that

involves sensing and recording a form of energy reflected or emitted by

the objects of interest. The energy may be electromagnetic (such as

light, infrared, gamma radiation, or radar), acoustic (that is, sound

waves), seismic (that is, harmonic motion in solid materials), or indeed

any form of energy that is capable of carrying information from one

place to another. There is no necessary implication of range; a photo-

graph of an object frem 2 m 'way is as valid an example of remote sens-

ing as an image obtained by a satellite in an orbit 1000 km high.

It is impractical, in the following discussion, to attempt to in-

clude examples of all forms and types of remote-sensing systems. Instead,

the discussion will be restricted largely to those which are normally
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operated from aircraft and/or earth-orbiting satellites, and which
utilize electromagnetic radiation in the wavelength range from about

0.35 m (i.e. ultraviolet) to several centimeters (i.e. radar).

Within this general category, there are two basic and widely used

jypes of remote-sensing systems.

a. Cameras (fig. 1), which obtain an image of an entire scene
at one time, and which record an image of the scene as a
chemical change in a piece of film.

b. Scanners (fig. 2), which look at a lot of tiny areas in
sequence and use the records obtained by that sequence to
either build up an image like a mosaic or build up a
record of a property of the scene along a "scan line."

For all practical purposes, all scanners are arranged so that the

light (or other form of radient energy) from a tiny "instantaneous field

of view" falls on some kind of device that transforms the radiant energy

into an electrical voltage. That voltage is proportional to the amoiut

of radiant energy being received at any given time. Once the voltage is

available, two fundamentally different kinds of things can be done with

it, and this dichotomy leads to two important scanner subtypes:

a. Analog systems in which the analog voltage is used to drive
a cathode ray tube (that is, a television tube) in such a
way that a picture is formed on the face of the tube. This

is more or less exactly analogous to the way a television
set works. If one wants to record the image, the obvious
thing to do 4s to take a picture of ths image on the
tube, in which case the final prodnct is a hard-copy
picture. The alternative is to record the analog voltage
obtained from the Eensing element, in which case the final
product is an analog tape of the scene. The tape may then
be used to drive a television viewer, thus, again, obtain-
ing a picture of the scene.

b. Digital systems, on the other hand, take the analog voltage
from the sensor element and run it through an onalog-to-
digital converter, and they then store the digital record
on magnetic tape. The result is that each "instantaneous
field of view" is represented on the tape by a digital
record (that is, a nimber) that represents the total
amount of radiant energy being received at that time.

So important are digital systems becoming that they have given

rise to some new and widely useful terminology. Reca. that the

2
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Fig. 1. Operation of camera
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Fig. 2. Operation of scanner using digital recording
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"instantaneous field of view" is a basic unit or element of a picture,

in almost exactly the same sense that a tessera is a basic unit or ele-

ment of a mosaic. However, instead of using the term "tessera" to de-

scribe this element (presumably because the word had too many classical

allusions), people began using the term "picture element," and this was

promptly shortened to "pixel." You may as well become accustomed to

using it, because it will be around for a long time; it turns out that

it describes a basic attribute of all picture-forming processes, includ-

ing that employed by the human eye.

The technical definition is: A pixel is that area of view over

which all received radiant energy is integrated into a single value.

In the human eye the sensing element is a single retinal cell, and all

visible light falling on that cell is integrated into a single value;

that is, to an electrical analog of proportional value.

Finally, there are a number of remote sensing systems that cannot

readily be fitted into any neat and simplistic classification system.

The most common forms using electromagnetic waves are really range-

finding devices; they emit a beam or impulse of energy, and by one

device or another measure the time it takes for the pulse to make the

round trip from aircraft to ground and back again. Since electromagnetic

waves travel at pretty constant speed, that value is readily converted

into a measure of distance. That value may then be recorded as either

an analog or digital record on various media, but usually magnetic tape.

This scheme can exploit waves through physical media, like sound

waves through air, and acoustic and seismic waves through water or soil

or rock. One very common remote sensor that falls into this category

is the sonic depth finder.

Another basic type, still highly experimental, is a device that

measures gamma ray emissions from soils, rocks, and so on. It is really

a particle counter (fig. 3); it sorts the particle counts according to

energy level, adds up the number of gamma particles in a range of energy

levels, and produces numbers which are sums of counts over some period

of time. In effect, it is counting the number of radioactive atoms of

certain types in the soil or rock. Since not all soils and rocks have
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Fig. 3. Principle of operation: gamma ray sensor system

the same atomic compositions, these data can sometimes be used to dis-

criminate among soil types that are difficult to separate by other

remote-sensor systems.

Perhaps one additional characteristic of remote-sensing systems

should be mntioned at this point. Some sensors are designed to operate

with natural sources of radiation, and others are intended to utilize

artificial sources. But the distinction is far, indeed, from .eing

simple and straightforward, except in a few special cases. In general,
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those which almost exclusively use artificial sources are those which

use millimeter and radar waves; in effect, these devices carry "search-

lights" that illuminate the landscape, and the sensing element records

the reflected energy. Many, but not all, sensors of the range-finding

type use artificial energy sources. For example, the range finders

that use visible or infrared frequencies use a laser to generate the

necessary beam. However, another type, the gamma ray detector, employs

gamma particles naturally emitted by the soil. Those sensor systems

that operate in the wavelength range from ultraviolet through visitle

to near-infrared almost always use ambient light (that is, sunlight),

but there is no rule that says that one cannot use a flare or a search-

. ight. Systems designed for military use commonly use such light

sources. Systems using thermal infrared mostly use natural radiation,

since they are essentially sensing the temperatu1re of things.

So much for definitions and classifications. Each of tie types

and subtypes come in almost numberless forms, and many devices exist

which are combinations of two or more types. There is little point in

trying to cover them all; others will have been invented during the

time taken to describe them. Out of this abundance of variations, there

are two vitally important things to keep in mind concerning remote-

sensor systems: the type Df product that they produce (fig. 4) and the

wavelengths of the electromagnetic energy that they employ.

The output products are important because all of the information

obtained by the sensor system is stored in that product. Thus, the form

of product very largely dictates the interpretive or analytical proce-

dures that can be employed. While products are highly variable in de-

tail, the following generalizations largely apply:

a. Cameras produce hard-copy pictures.

b. Analog scanners produce hard-copy pictures (or sometimes

an analog magnetic tape).

c. Digital scanners produce a digital magnetic tape.

The second important thing to keep in mind, namely the wavelengths

which are being employed (fig. 4), is important because each wavelength

or group of wavelengths exhibits unique capabilities and constraints.
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REMOTE SENSOR TYPE
SCAN4ERS

SPECTRAL BAND WAVELENGTHS CAMERAS ANALOG GIAL OTHERS

GAMMA RAYS 0.7 - 2.0 Mew x
ULTRAVIOLET 0004 - 0.38pm X X X X
VISIBLE O.38-0.75pm X X X X
NEAR- INFRARED 0.75 -135,um X X X X
INTERMEDIATE INFRARED .35 - 5.5#m X X X
THERMAL INFRARED 5.5 -14.QUm X X X
MILLIMETER WAVES 0.1-10.0 mm X X X
CENTIMETER WAVES I0-1000mm X X X

TYPE OF PRODUCT

HARD COPY PICTURES X X
ANALOG MAGNETIC TAPE X
DIGITAL MAGNETIC TAPE X X

Fig. 4. Types of remote sensor systems
using electromagnetic radiation

There are three major reasons for keeping wavelengths in mind:

a. Different materials absorb, reflect, or emit the various
wavelengths in different proportions, and thus some wave-
lengths are more suitable for looking at certain things
than other wavelengths. For example (fig. 5), the

Visible g 11

I Dry

Fig. 5. Spectral re-
flectance curves for 30- Wet

wet and dry sand, monu-
ment Vdlley, Utah

0.4 0.6 0.8 1.0
V m length, aicrometers



difference in reflectance between wet and dry sand at a
wavelength of 0.5 Pm is only about 4 percent, which means
that the contrast between the two at that wavelnath is
very low. However, at a wavelength of 1.0 to, i.he dif-
ference in reflectance is about 19 percent, which means
that the available contrast is much stronger.

b. The atmosphere selectively absorbs or scatters certain

wavelengths more than others, and thus it is hard to see
through te atmosphere with certain wavelengths. For
eample (fig. 6), for all practical purposes no radiation

I - 2.0SOLAR ENERGY OUTS/DE ATMOSPHEMe

I.- A* ENERGY AT SEA LEVEL

1,1A

" °~ I, I ^

0 04 08 1.2 1.6 2 .4 2

WAVELENGTH, jm

Fig. 6. Spectral distribution of solar
energy, sun directly overhead

having wavelengths between about 1,45 um and 1.6 pm will
penetrate the atmosphere, so there is little point in
trying to use radiation in that band.

c. The different wavelengths require widely different re-
ceivers or sensing systems. Thus, a camera operating in
the visible wavelengths can be small and compact, while a
scanner operating in the far infrared requires elaborate
refrigeraiun equipment In addition to the basic elec-
tronics of the sensor system itself.

Since at present our interest is chiefly in those cameras and

scanners using electromagnetic waves, let us consider only those sensors

using such energy forms:

a. Camera systems operate with wavelengths ranging from aboutI 8



0.3 ym (i.e. in the ultraviolet) to about 1.5 nim, which
is in the near-infrared.

b. Scanner systems (either analog or digital) are available
that operate over the very broad range from ultraviolet to
radar. However, no one instrument can sense more than a
comparatively narrow band, so that in practice, a separate
instrument system is required for each of the wavelength
categories listed in fig. 4.

c. The oddball systems (identified as "other,.' in fig. 4) may
exploit wavelengths from gamma rays to radar. However,
Just as for the more conventional systems, for all practi-
cal purposes, a separate instrument is needed for each
wavelength category. For example, laser profilometers may
use wavelengths from ultraviolet to infrared, but in any
one instrument the wavelength is restricted to a very
narrow band.

Procedures and Capabilities

The successful use of remote-sensing systems almost invariably

implies that six essentially sequential processes have been carried out

(fig. 7).

* PROBLEM SPECIFICATION

* GROUND CONTROL

0 DATA ACQUISITION (WITH A REMOTE
SENSING SYSTEM)

*1 DATA MANIPULATION

* INFORMATION EXTRACTION

* INFOR&j -.:3N PRESENTATION

Fig. 7. Processes involved in
successful remote sensing

P. Problem specification (what problem are we trying to solve;
what kinds of information are needed to solve it; and can
a remote-sensing system obtain any or all of the needed
information?)
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b. Acquisition of ground-control data (determination of how
the things of interest are related on the ground in
selected locations, to serve as a basis for interpreting
those relations over the entire region of interest).

c. Information acquisition with a remote-sensing system (the
actual process of sensing and recording the region of
interest at the time of interest).

d. Data manipulation (putting the infcrmation obtained by the
remote-sensing system into a form suitable for analysis
and/or interpretation).

e. Information extraction (actually performing the analysis
and/or interpretation to obtain the needed data from the
product of the remote-sensing system).

f. Information presentation (putting the extracted data into
a form in which it can be used to assist in solving the
problem at hand).

Before proceeding any further, a word of caution is in order. Re-

mote sensing is one of several possible tools for obtaining information.

It is not, by itself, a way of solving engineering or environmental

planning problems, any more than a slide rule or a calculating machine

is a way of solving them. In the latter case, someone has to know which

buttons to push. In the case of remote sensing, someone has to ]mow 1j'w

to extract needed information from the sensor product, whether it be a

picture, a digital magnetic tape, or whatever. Remote sensing is not a

panacea for all information-gathering requirements; there are some kinds

of information that simply cannot be obtained by remote-sensing tech-

niques. On the other hand, there are kinds of information which for all

practical purposes can only be obtained by remote sensing. All possible

intermediate positions exist.

Having said this, let us proceed to a step-by-step examination of

current capabilities in each of the six processes previously identified.

Problem specification

The use of remote sensing to acquire data that are required to

solve problems is almost invariably a systems analysis problem; the en-

tire problem must be looked at as a whole. In generil, this usually

means that some kind of conceptual scheme for solving Uhe problem must

be visualized. Such schemes (or, in the jargon, models) normally require

10



a careful statement of the objective and an e,4ually careful identifica-

tion of each step in the information flow from present state-of-the-art

to final solution. They need not include the equations, of course, but

they must include a reasonable notion oC how to derive those equations.

We have found that one of the best methods of generating a con-

ceptual scheme or model of a problem-solving exercise is to flow-

diagram it. For example, let it be assumed that we need to determine

the distribution of water hyacinth mats in streams and lakes over some

large area (fig. 8). This is a real, live problem in some parts of the

United Otates; such information is badly needed to plan aquatic weed-

control programs.

Thc irrows in fig. 8 mean: take the information in this block and

perform the operation indicated at the point of the arrow. For example,

if we need the exact shape and size of the water surface in a lake at a

given time, one of the best ways available is to first describe the

g@.ometry of the lake basin very precisely, after which the shape and

size can be readily calculated from a specification of water surface

elevation.

A careful examination of even tbis very general flow diagram will

quickly reveal that there are six areas where there are massive data

requirements. Looking carefully at those six sets of data requirements,

it is reasonably apparent that only three of them are readily amenable

to acquisition by remote-sensing techniques, namely those indicated by

triangles in the upper right corners of the boxes. Methods for obtain-

ing such data will be discussed later, but in the meantime, it is clear

that this almost elementary analysis has narrowed the remote-sensing

part of the problem down to reasonably manageable proportions.

The "problem model" described above is quite simple and straight-

forward. Unfortunately not all problems are so easy to visualize. The

example illustrated by fig. 9 is a far more complex model, in which each

block in the figure is a separate problem at least as complex as the

problem diagrammed in fig. 8. In this exercise, the objective was to

determine the long-term systems costs of a number of alternate combina-

tions of reservoirs on the Cheat River drainage basin in West Virginia.

11
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Fig. 8. Location of water hyacinth mats
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The basic constraints were that each array of reservoirs had to store a

stated minimum amount of floodwater, and had to store enough water to

maintain a stated minimum flow in the Monongahela River below the mouth

of the Cheat River. The period of analysis was from 1975 to 2020.

Considering the blocks indicated as the data base, it is clear that

remote-sensing systems could be used to provide information relevant to

three of the blocks: (1) basin topographic data; (2) construction

materials data, especially with respect to the location of rock and

soil suitable for use in earth and/or rock-fill dams; and (3) cultural

data, specifically the locations and categorizations of roads, power

lines, and the like. Thus, even at the very generalized level .-epre-

sented by fig. 9, a conceptual model is often of great help, sincb it

identifies the terrain factors relevant to the problem in hand and

suitable for acquisition by remote-sensing systems.

A conceptual model, as described above, is one of the important

things one gets by applying systems analysis to problems involving com-

plex interactions among natural phenomena. Unfortunately, systems

analysis is more art than science. Since it is notoriously difficult

to transfer art from one person to another, perhaps the best that can

be done in the present instance is to invoke the aid of the artist.

We at WES have been practitioners of the art of systems analysis for

quite some time, and of course our services are available.
Ground con trol.

It is almost a truism among those experienced in remote sensing

that the information obtained by interpretation or analysis of remote-

sensor system products is only as good as the ground control. It is a

truism because the cold facts of the matter are that a lot of different

things can look alike on a photograph. For example, every photo in-

terpreter knows that dry soils look lighter on panchromatic photos than

wet soils, hnd that in general the wetter the soil, the darker the

appearance. But some soils are Just naturally dark colored, and there

is no way, from the photo alone, to discriminate between a patch of

dark-colored dry soil and a patch of light-colored wet soil. Given

adequate ground control, however, such discriminations are usually

I1



fairly easy, because it normally turns out that the two soils have

different relationships to surrounding features. Once that is known, a

skilled interpreter is home free. But lacking that knowledge, he may

well be helpless. And such knowledge, by and large, can only be obtained

by examining some examples of the occurrence on the ground; that is, by

ground control.

One of the more frustrating aspects of the use of remote-sensing

systems is the fact that the need for ground control is wiely

recognized--but only by those engineers and scientists who use remote-

sensing systems to help them solve real-world problems. Those who do

not have such a background in experience tend to either overlook the

need completely or at best to underestimate the importance, and the

cost, of obtaining it. In our experience, the cost of obtaining ade-

quate ground control often exceeds all other project costs combined.

This is simply one of those unfortunate facts of life.

The problems posed by acquiring the necessary ground control have

led WES to pay very particular attention to all aspects of the process.

For example, the interpretation of air photos commonly depends on

knowledge of weather conditions before and during the data-acquisition

phase. Clearly, if it rained the day before, the interpreter ought to

be forewarned that all of the soils are going to look darker than would

otherwise be the case. However, it very often is difficult, or indeed

sometimes impossible, to obtain weather information from conv,-,r' mal

sources in exactly the time and place where it is needed. For this

purpose, we have designed and built a self-contained micrometeorological

station (fig. 10). It operates on self-contained batteries, will handle

up to 20 instruments similitaneously (or 36 instruments, if needed), and

btores up to 15 days of instrument readings on a little reel of m0e9netic

tape. After computer processing, the data may be output as a table

(fig. 11) or as a graphic (fig. 12). A variation of this system can be

used to monitor certain water-quality paremeters, soil moisture and/or

temperature, solar radiation, or indeed many other kinds of things.

Some kinds of information can best be extracted from remote-

sensing system products by spectral analysis (which will be described

15



Fig. 10. tMicrometeorological station
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USER 2 F507 FILE - OPO004 PACE 0001

TAILE A

uSAEwES AUTOMATIC wEATHER STATION RECORDINGS

PUERTO RICoSITE BEGINNING DATE-17 JUNE 1971 ELEVATION ABOVE SEA LEVEL-95.5 METERS

ABSOLUTE
ATMOSPHERIC
PRESSURE. SOLAR

ODENT. TIME. TEMPE14ATURE, INCHES OF METER.
NO. HOS/MIN DEGREE CENTIGRADE MERCURY CAL PER SO CM PER MIN

10 11 12 13 14 11 16 1? is 10
1 0.00 22.07 29.04 30.27 30.09 30.07 0.43 0.23 1.16 0,22 0.21
1 u.15 24.55 24.30 3o.45 30.00 $0.04 0.50 0.23 1.19 0.22 0.20
I .O 24.47 29.13 31.22 31.11 30.02 0.56 0.23 1.14 0.22 0.43
1 0.49 24.84 20.79 28.20 26.11 30.03 0.52 0.18 0.72 0.10 0.20
1 1.ou 29.50 28.03 26.11 27.95 30.04 0.43 0.14 0.42 0.14 0.00 EON IN DATA
1 1.15 26.35 27.70 30.36 30.02 30.05 0.65 0.21 1.03 0.20 0.22
1 1.31 25.96 27.70 29.04 26.02 30.09 0.49 0.16 0.53 0.16 0.19

1 1.45 25.28 27.62 26.36 20.62 30.00 0.44 0.15 0.45 0.19 0.18
1 2.0 25.61 27.30 30.54 30.00 30.06 0.49 0.18 0.77 0.16 0.00 ERROR IN DATA
I d.15 24.62 27.13 27.46 27.30 30.06 0.34 0.3 0.34 0.13 0.16
I k.3u 24.33 26.97 26.97 26.97 30.07 0.30 0.13 0.30 0.13 0.15
1 2.45 24.47 26.74 28.96 29.04 30.07 0.35 0.16 0.92 0.16 0.16
1 J.0o 23.'5 26.58 28.49 28.62 00.07 0.33 0.15 0.46 0.19 0.19

I .1s 23.69 26.35 26.27 26.10 30.06 0.23 0.12 0.23 0.12 0.13
1 3.30 23.49 26.35 26.39 20.42 30.08 0.23 0.12 o.24 0.12 0.13
1 4.45 23.35 2A.04 26.35 26.35 30.09 0.19 0.12 0.21 0.12 0.12
1 4.00 22.47 25.00 25.43 25.35 30.09 0.19 0.11 0.15 0.11 0.11
1 4.15 22.67 25.73 24.64 24.64 30,10 0.13 0.11 0.13 0.11 0.11

I 
4
.3o 22.47 25.66 24.91 24.91 30.12 0.12 0.11 0.12 0.11 0.11
4.0 22.47 25.50 24.84 24.609 30.12 0.11 0.11 0.11 0.11 0.11

I !.ou 22.54 25.53 24.84 24.76 30.12 0.11 0.11 0.11 0.11 0.11
b.1 22.34 P5.35 24.40 24.40 30.13 0.11 0.11 0.11 0.11 0.11

I 6.30 22.47 25.28 24.69 24.62 30.14 0.11 0.11 0.11 0.11 0.11
1 5.45 22.54 25.13 24.33 24.40 30.14 0.11 0.11 0.11 0.11 0.11
1 6.00 22.47 25.13 24.55 24.55 30.14 0.11 0.11 0.11 0.11 0.11
1 6.15 22.40 25.13 23.69 23.62 30,15 0.11 0.11 0.11 0.11 0.11 ERROR IN DATA
I 6.3o 22.40 26.13 23.69 23.55 30.15 0.11 0.11 0.11 0.11 0.11
1 6.45 22.40 24.98 23.59 23.49 30.17 0.11 0.11 0.11 0.11 0.11
I /.ou 22.40 24.98 23,62 23.95 30.16 0,11 0.11 0.11 0.11 0.11
O 7.15 22.27 24.76 23.28 23.20 30.17 0.11 0.11 0.11 0.11 0.11
S 1.3,) 22.34 24.02 23.39 23.35 30.18 0.11 0.11 0.11 0.11 0.11
1 '.45 22.34 24.47 22.94 22.67 30.10 0.11 0.11 0.11 0.11 0.11
1 .03 22.34 24.33 22.60 22.60 30.18 0.11 0.11 0.11 0.11 0.11
1 6.15 22.34 24.33 22,47 22.47 30.19 0.ii 0.11 0,11 0.11 0.11
1 6.30 22.34 24.19 22.54 22.54 30.19 0.11 0.11 0.11 0.11 0.11
1 0.45 22.27 24.19 22.34 22.27 30.19 0.11 0.11 0.11 0.11 0.11
I V.00 22.34 24.05 22.01 22.21 30.19 0.11 0.11 0,11 0.11 0,11
1 9.15 22.27 23.90 22.21 22.34 30.19 0.11 0.11 0.11 0.11 0.11
I 9.3u 22.27 2.03 21.99 21.0 30.20 0.1, 0.11 0.11 0.17 0.11
I V.45 72.21 23.76 22.21 22.21 30.20 0.11 O.l 0.11 0.11 0.11
1 10.00 22.21 23.62 22.01 22.06 30.20 0.11 0.11 0.11 0.11 0.11
1 10.15 22.'7 23.62 21.02 21.69 30.20 0.11 0.11 0.11 0.11 0.11

Fig. 11. Sample listing from micromet package
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in greater detail later). If this procedure is to be used successfully,

one absolutely necessary component of the ground control is the reflec-

tance properties of the materials of interest, whether they be suspended

sediments in rater, pollutants, particular species of plants, or what-

ever. For this, one needs a device that measures the mount of energ

in several wavelength bands (fig. 13). We have equipped ourselves with

10N

Fig. . Radiometer for ERTS-1 studies

such instruments. The one in the illustration measures the four spec-

tral bands corresponding to those viewed by the scanner aboard NASA's

Earth Resources Technology Satellite (ERTS-1). We are also equipped

with a wide variety of soil-testing equipment, water-quality devices,

and standard (and some not-so-standard) surveying equipments.

While equipment and instrumentation are important, they are by no

means the only important con3ideration in obtaining good ground control.

The second, and in some ways even more important, part of the equation

is technique. That is, the m-thods that are used, both in the field and

in the office, are as important as the instruments. Office procedures

19



are often of primary concern because it usually turns out that organiz-

ing and presenting ground-control data for the use of the photo inter-

preter or data analyzer are major items of time and cost. This is espe-

cially true if large volumes of data are involved, as is very commonly

the case.

When one looks at a photograph, much of the information it contains

is presented to the observer as geometric information; that is, the

interpreter sees the shaDes of things. Thus, it commonly occurs that

a requirement of the ground control is that it include remarkably precise

information on the shapes and sizes of things on the ground. For

example, one of the things we have had to develcp is a remr-'ably de-

tailed method of describing the three-dimensional geometries of trees

and bushes. It starts out with a special setup involving a theodolite

with a special reticle and a laser (fig. 14) and ends up with a file in

a computer that is able to draw a picture of the tree (fig. 15) or,

Fig. 14. Instrumentation used in tree
dimensioning system
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Fig. 15. Comparison of two XZ views, sycamore tree,
Vicksburg, Miss.

indeed, of a forest (fig. 16) from any point of view. The t:rees in this

figure are as they would look in the winter; we can put leaves on them,

too, if you'd like.
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Normally, of course, such exquisite detail is not required. But

the point we wish to make is that really up-to-date data-processing

techniques are capable of handling enormous amounts of data in practical

lengths of time at practical costs. There is no longer any reason to

fear problems that involve large data files, because machines can be

instructed to do nearly all of the work.

It should be noted that, while computez- --ith large core memory

capacities are nice to have, they are usually not essential, Clever

programming can make a small computer do rather remarkable things, as

we will discuss in more detail a bit later.

The fundamental reason **hy automatic data processing is not more

widely used is that there is a considerable measure of skill involved

in setting up a data storage and retrieval system in such a way as to

make it easily usable by "noncomputerniks." We have considerable ex-

perience in such matters. For example, one major current problem in-

volves questions regarding threatened species. If there is a plan to

make any major modification of the environment, these questions (fig.

17) (and many others) are immediately asked. What one might like to

TYPICAL QUESTIONS:

0 ARE THERE ANY THREATENED SPECIES IN MY
AREA THAT I NEED BE CONCERNED ABOUT?

* WHAT IS THE LEGAL STATUS OF THREATENED
SPECIES IN MY AREA?

* WHAT ARE THE HABITAT REQUIREMENTS OF
THE SPECIES?

• WHAT LITERATURE SOURCES CAN I CONSULT
FOR MORE INFORMATION?

• WHAT IS THE TOTAL RANGE O! THE SPECIES?

F WHO ARE THE EXPERTS ON THE SPECIES?

Fig. 17. Catalog of threatened species
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have is a quick and easy wayr to answer them. In response, ye designed a

catalog of threatened species in a format suitable for computer manipu-

lation and provided access to that catalog by means of a conversational

mode computer program. If you have access to a teletype terminal

equipped with an acoustic coupler, you can talk to our computer in

Vicksburg and get answers to these questions. This (fig. 18) is an

USER ID F747 FILE CARDIA PAGE 0031

11T1T, ARIZONA
CLAS: MAMMAL
SPECIES: SP07TID SAT (EUDERMA MACULATUM) (517W 1973)
STATUS$ RECOMMENDED (INCLUDED IN %REDSOOK*# BUT NOT ON

FEDERAL REGISTER (I57W 19731)1 INF'ORMATION NOT AVAL.
ABLE Ir STATE STAYWS,

DISCRIPTION1 "opium SIZE WiTN SPECTACULAR APPEARAN011 JACK
IS SLACK WITH TMRIE WW'FT 3P@TS: VENTRAL NAIR SLACK At
BASE OUT WHITE-TIPPElt LANOE PINK EARS. SOME INSIVI-
DUALS HAVE WHIT8 AT Sill IF EARS AND A BLACK SAND ON
UNDERSURFACE OF NECK (357W 1973),

RANGE$ ONE 0R TWO RECORDS ("044 FROM TE1(AS AND NIW MEXICO)
FROM 1ACH OF THE SOUWUSTERN STATES AND T141 MEXICAN
STATE Of DURANGO, IT WAS SEEN POUM'!' AS PAR NORTH AS
YELLOWSTONE COUNTY# MONTANA. ANDI CANYON COUNTY# IDAHOt
AND AS FAR 9AST AS IREITER 0Ot TEXAS (557W 1073),

HABITAT: "A SA OP THE HIGH CLIFFS AND CANYON$ (SEDIMENTARY
ORIGIN?) I LVING IN THE CRACKS AND CREVICES DURING ?WE
DAY, APPARENTLY HIGHLY SELECTIVE IN ITS ROOSTS* YET
RANGES PROM PONDEROSA P14E BELT TO LOWER SONORAN LIFE
ZONE," (IS7W 1973), NO INFORMATION AVAILABLE ON FORAS-
ING HABITAT PREPERENCE$ (EtA),

Fig. 18. Typical teletype printout resulting from
conversation with computer

exazy-le of the teletype printout that developed as a man began his

search of the files.

If the problem is to determine the impact of new construction on

an ecosystem, one thing that must be done is to deter-mine whether the

project will disturb the habitats of any threatened species. One uses



the file to first identify the local species, if any. The investigator

does this by calling the range and distribution maps for the relevant

species out of the catalog (fig. 19) and checking to see if their ranges

I

SCALE IN MILESt LOUISIANA
RED WOLF

40 0 40 so

I *% *I I

LEGEND,
DESCRIPTOR MA~P 5YMBOL

1105 T IN ROTS -o-r- """-","--

(N I1 M H ING) x

Fig. 19. Typical range and distribution map

tA table of factors for converting British units of measurement to
metric units is presented on page ix.
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overlap the region of interest. If they do, one then looks in the file

to determine their habitat requirements. Then one turns to remote

sensing, perhaps to map the distributions of those habitats in the

region of interest.

Information acquisition
with remote.-sensing systems

As was indicated earlier in this discussion, remote-sensing systems

come in many different forms. To our regret, we have almost no internal

capability to acquire information with remote-sensing systems. When we

need remote sensor products, we have to buy them from commercial firms,

or make arrangements with some other Government agency, such as NASA or

Air Force, to obtain them for us.

However, this does not imply that it is not necessary to under-

stand the intricacies of remote-sensor systems and their products. To

the contrary, it is absolutely essential that one understands all as-

pects of the process if one is to use remote sensing effectively. Ac-

cordingly, a brief discussion of a few of the more important systems and

their products is in order.

The first type, and by far the most commonly used, is a standard

camera using a simple "haze filter" in front of the lens and panchromatic

(i.e. black-and-white) film for image recording (fig. 20). Almost every-

body is familiar with this product. The critical point is that it

accepts light in a broad wavelength band (from about 0.4 to 0.8 Vn) and

presents the information in shade of grey. It has some advantages:

it's cheap, widely available, easy to develop, and capable of recording

a great deal of detail. If the problem involves metrics (that is, mea-

surement of the dimensions of objects), this is the kind of film nor-

mally used. Its primary disadvantage is that it loses nearlv all infor-

mation carried by color.

Of course, standard color film can be used to retain spectral in-
formation in the visible part of the spectrum. This (fig. 21) is a

picture of a part of a chenier (beach ridge) in Louisiana, taken with

standard Ektachrome color film. The pictures tend to be aesthetically

pleasing, but the spectral information is pretty qualitative, mostly
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IVA

Fig. 21. Photopraph taken on conventional color film.
(Original photo in color)

because it is extremely difficult to adequately control the chemistry

in the 4evelopuent processes.

Cameras can also be used to extend the visual range into the in-

frared. One conon proieilure is to use what is usually called "false

color infrared" fi3m. This is a film which accepts "light" in the

28



near-infrared (i.e. out to about 1.1 um), as well as in a portion of the

visible region of the spectrum. The pictures look a little odd, because

things that you "know" are green, like vegetation, turn out red in the

film. For example, here (fig. 22) is the sa"s area as the previous

picture, but imaged in false-color infrared. The thing to note is that

details of the vegetation show a good deal more clearly than in pictures

Fig. 22. Photograph taken on false-color infrared film.
(Original photo in color)
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taken with standard color film. There is at least one other fringe bene-

fit; water shows in marked contrast to vegetation, as illustrated in

this picture (fig. 23) of a water hyacinth mat in a Florida rivet. This

film is widely used for crop inventories, because healthy plants look

bright red, and sick plants look pale red, and dead plants look white,

even though they are all the same color to the unaided eye. Note that

this picture is not taken at the vertical; oblique views such as this

are often of great value, especially for reconnaissance purposes.

There are many variations of systems designed to retain information

carried by color (or, in the jargon, to retain spectral information).

For example, one standard gambit is to mount several cameras side by

side, and select film and filter combinations for each so that each one

accepts light in a specific and relatively narrow wavelength band (or,

again to use jargon, a spectral band). One camera designed specifically

to photograph a scene simultaneously in four spectral bands is the I2S

camera which produces four images (fig. 241, each in a different spectral

band. In effect, the visible spectrum is split into four equal parts.

If what you are looking for can be identified because of a specific

spectral composition, then this kind of system may be what you need.

However, it takes a very skilled interpreter to use this kind of infor-

mation effectively, and such people are not found under every bush. Ob-

taining multispectral images is a good deal more expensive than obtain-

ing panchromatic images, so in general our advice is to obtain such

imagery only in those instances where your interpretive capability is

equal to the chillenge.

So far we hav'e talked only about camera systems. Now let us talk

about scanner systems. The scanner most widely in the news these days

is the one aboard NASA's Eexth Resources Technology Satellite. In that

system, a beam of light is broken up into four spectral bands, three in

the visible portion and one in the near-infrared. The amount of energy

in each spectral band is sensed and converted into a voltage which is

proportional to the amount of energy. A number representing that volt-

age is then radioed back to earth and stored in digital form on magnetic

tape. One form of processing is then to read the numbers off the tape,
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convert them back into light which is proportional in brightness to the

nuamber, and use that light to expose a piece of film, thus recreating a

hard-copy picture. An example of the resulting pictures is illustrated

in fig. 25. Each represents a spectral band. It should be noted that

this is a scanner-produced equivalent of the I 2S system. There are a

nunber of advantages: One is that the "picture" can be stored on a reel

MSS BAND 4 MSS BAND 5
(0.5-0.6 MICROMETERS) (0.6-0.7 MICROMETERS)

!CHOPTANK RIVER AREA

MSS BAND 6 MSS BAND 7
(0. -08 MICROMETERS) (08-1 1 MICROMETERS)

Fig. 25. A portion of Chesapeake Bay study area viewed from
Earth Resources Technology Satellite (ERTS-I)
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of magnetic tape. We will expand on this later. Another is that it is

a good bit easier to achieve sharp separations between the spectral

bands. The major disadvantage is that the resultant images are not as

sharp as can be obtained with a camera.

Scanners can also be designed to operate in the infrared region,

including what is usually called the "thermal infrared" band which, de-

pending upon definition, may range from about 3.0 ji to 1000 pm or more.

The usual operating range is between 8.0 and 1'.0 Wi. For all practical

purposes these devices measure the temperatures of objects, and thus

what one obtains is a "heat picture." Thus, any phenomenon which could

be expected to show up as a difference in temperature is fair game.

Probably the most comon use is to map the "heat plumes" of power plants

in riverr and lakes, but there are many other uses as well. The illus-

tration (fig. 26) shows the appearance of a lardscape as revealed by

an infrared scanner. High temperatures are light, low temperatures are

dark. Wet soils, being cool, are dark.

Please note that in this image the water behind the dam is light-

toned, indicating that it is warm in comparison to the soil in the dam.

This is because the data were obtained in the early morning hours, so

that the soil had had most of the night to cool off. Had the data been

taken in the afternoon, the situation would have been the reverse; that

is, the water would have shown dark (that is, cool) against the light-

toned (that is, va-m) soil. At least two points need to be made.

First, a mission including the use of thermal infrared should be flowi

at a time carefully selected to maximize temperature differences; and

second, the best time can by and large only be selected on the basis of

really detailed ground control. That was one of the reasons why we

developed the micrometeorological station we discussed earlier.

Selecting the optimum time is not a trivial task. For example,

here (fig. 27) is an array of thermistors set out to monitor soil,

vegetation, and air temperatures through several diurnal cycles for tne

sole purpose of selecting a time when a very subtle temperature varia-

tion would be at its maximum.

Radar systems are also scanners, but they employ comparatively
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Fig. 26. Image produced by thermal infrared scanner
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long wavelengths, ranging from about 1 mm to about 1 m. They also

differ from all other systems diccussed up to now irs one important

particular: The energy source is produced artificially. In effect, a
"searchlight" beam of radio energy is swept across a scene, and the re-

flected energy is recorded. This energy is converted to a voltage, the

voltage is converted to ligit, the light is used to expose a piece of

film, and presto, we have a hard-copy picture! Alternatively the volt-

age can be used to drive a television viewer, and we can then take a

picture of the television image. In either case, the resultant picture

looks like this illustration (fig. 28). One overwhelming advantage is

that the radiation penetrates clouds and haze, so products can be ob-

tained in any weather (within reason). In addition, since the sensor

system carries its own source of illumination, one can get pictures at

night. The disadvantages are that the resolution is relatively poor,

and it takes a very skilled interpreter to use the data really effec-

tively, For example, the brightness is largely a function of the angle

between the reflecting surface and the emitter/receiver. To the un-

initiated, this can be a bit disconcerting.

There is also a class of scanners that, as indicated earlier, do

not lend themselves to image formation. They can, however, be arranged

to provide information along a single line, a very narrow zone, or even

at a point. One example of this class is the laser profilometer (fig.

29). This device is essentially a range-finding device; it projects a

laser beam to the ground, accepts the energy reflected from the ground,

calculates the round-trip distance, and records that value at very short

time intervals on magnetic tape. In effect, the result (fig. 30) is a

profile of the reflecting surface. Please note that it is not neces-

sarily the topographic surface; the device is pretty stupid and measures

the distance to whatever reflects the beam. It may be the soil surface,

but it can also be a leaf, the top of a fencepost, or a layer o: water

vapor. Nevertheless, it can be an extraordinarily useful device if its

idiosyncrasies are understood.

Another example is this gadget. What you are looking at (fig. 31)

is a picture of a truck-mounted version of a device intended to be
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Fig. 29. Operation of a laser profilometer
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Fig. 30. Laser profilometer output compared with
photogrammetric reference and interpreted profiles
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mounted in a helicopter. It radiates radar frequencies, which are

swept through a broad spectrum of wavelengths, and records the reflected

signal, vhich looks rather like the diagram in the center of fig. 32.

-- C A. .,AMM.
COT "t SIN 3 . AM CONC. 3.1 M.

TRAIMITE I BAND
~UQ IRCIER 6 IN. BASE 5.8 IN.

" 24 IN. SUBBASE 26.1 IN.

SURFACE

INTERFACE-,

Fig. 32. Swept frequency radar studies

Properly processed, the signal will yield surprisingly accurate esti-

mates of the thickuss of soil layers, pavements, and the like.

Finally, Just to make the point that a remote-sensing system need

not necessarily use electromagnetic waves, here (fig. 33) is a product

that uses acoustic waves penetrating water and bottom sediments. What

you are looking at is a record of the bottom profile and some of the

subsurface stratification along a shore-to-shore transit. Unlike the

remote-sensing systems previously described, the device that produces

this record is in the WES inventory.

A few paragraphs back, we said that there were some advantages in

obtaining remote-sensing data in digital form as opposed to pictorial

form. Basically, the eason is that data in digital form, being

numerical, can be operated on by numerical or mathematical processes.

For example, the laser profilometer record shown previously was pretty

"noisy," but it is quite straightforward to mathematically "smooth" the

record, hus making it far easier for a mere mortal to interpret. Later
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in this discussion other kinds of mathematical processing will be de-

scribed, and perhaps the advantages inherent in digital records will

become more apparent.

While WES does not have much in the way of equipment to obtain

remot-.-sensing system products, we have nevertheless devoted a good

deal of effort to the analysis of those systems. Aside from the simple

desire to utilize these products as effectively as poasible, our motiva-

tion was a desire to optimize their use. The discussion up to this

point was intended in part to demonstrate that the utility of sensor

systems is variable. Some sensor systems are good for acquiring one

class of information, but not for others. For example, thermal infra-

red sensors are great for analyzing thermal plumes from power plants,

but they are not much good for analyzing the state of health of plants

in a forest; that's a job for a sensor that uses the near-infrared

spectral band.

Furthermore, some sensor systems are good for obtaining certain

kinds of information, providing that they are flown at the right time

of day and under the right kind of weather conditions. The point is

that acquiring data by remote sensing requires that the kind of sensor

and the mission profile (that is, specification of time, flight alti-

tude, etc.) be carefully matched to the job in hand. The question is:

Is it possible (and practical) to design one's use of remote sensor

systems? Up to very recently, we, like everyone else, depended upon

experience and intuition. We, like everyone else, had our share of

failures.

Our response to this was to write a mathematical simulation model

that predicts whether a given sensor system will be able to "see" a

given object on the ground under a given set of light and atmospheric

conditions. The model starts (fig. 34) with sunlight above the atmo-

sphere, computes the attenuation of that light as it passes through

the atmosphere, subtracts a certain proportion of it as it strikes and

reflects from the object of interest, calculates the attenuation of the

residual light as it moves out to the sensor and accounts for what

remains as it passes through lenses and filters, aid predicts grey
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Fig. 34. Illustration of spectral component of remote-sensing
simulation model

level in the film or voltage output of the photoelectric cell in the

scanner. This gives us the capability of comparing two side-by-side

objects %nd determining whether a given sensor system will be able to

tell them apart. The output (fig. 35) is a table. To use the tablP,

look for the highest positive value in the last column. The film and

filter specified in the first two columns constitute the optimum com-

bination. That is, the use of that combination will, under the speci-

fied atmospheric conditions, prowide the highest probability of being

able to discriminate between two objects.

Confusing? Well, suppose that the problem facing us requires
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that we be able to identify differences in soil moisture of 10 percent.

Knowing this, we could measure the reflectances of soils at 10 per-

cent, 20 percent, 30 percent moisture contents, and so on. These values

can be inserted into the simulation models and the mathematics will

identify those sensor systems and those atmospheric conditions that will

result in detectable differences in the sensor product. This gives us

a basis for going to a contractor and saying: "Use film type X at an

exposure speed of y msec, and fly over the target at 1500 hours on

August 27 (assuming visibility at ground level is 10 km or more) at an

altitude of 6000 m."

Data manipulation

The fourth of the six processes essential to successful use of

remote-sensing systems, namely data manipulation, is widely honored in

the breach. It seems to us that there is a myth afoot in the land, to

the effect that one's problem is over with the delivery of the pictures.

Nothing could be further from the truth. Having obtained the pictures,

we now have the problem of extracting from them the information we

need. But before this process can start, it is often necessary to

perform some rather elaborate preparatory exercises to get the remote-

sensor products into a form suitable for interpretation or analysis.

Sometimes this is both time-consuming and costly.

Let us begin at the most elemental level. Let us assume that our

problem involves some regional relationships, and that we need something

like a synoptic view of the whole region. Let us further assume that

we have used a camera sensor at relatively low altitude, so that we have

a stack of pictures which collectively cover the area. Obviously the

first thing to do is to assemble them into a mosaic, so that the entire

region can be looked at as a whole, as i,, fig. 36. If this is an

uncontrolled mosaic (that is, one in which exact positional fidelity

is not required), this may be a matter of a few minutes. But if it is

to be a controlled mosaic (that is, one in which all points are in

planimetric relationship to each other), this process may

require the labor of days or even weeks. The amount of time that is

required is a function of the degree of accuracy required and of the
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Fig. 36. Uncontrolled photo mosaic

skill of the person doing the work. The point is that, even if the

only utilization of the remote-sensor products to be made is Just

classical photointerpretation, there is inevitably a certain amount of

preparation required before the photointerpreter can get to work.

There are, however, some far more complex requirements which have

evolved because of recent advances in what might be called eutomated
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interpretation. You will Yecall that a few paragraphs back we said

that data from scanner systems could be recorded in digital form on

magnetic tape, and that the first and primary product of the multi-

spectral scanner aboard ERTS was such a tape. It turns out that the

recording format used on those tapes is quite complex. It i , as a

matter of fact, so complex that reading those tapes requires a computer

program that is a long way from trivial. We were, after NASA itself,

one of the first, if not the first, organizations to be able to read

those tapes. And we have found it necessary to add some refinements

that go beyond those furnished even by NASA. The problem is a bit

corplicated, but in general it has to do with the fact that the numbers

on the tapes are records of the output voltages of the sensor system

in each of the four spectral channels. These voltages are obtained by

amplifying the very weak signals produced by the individual sensing

elements in the sensing system. The basic problem is that the degree

of amplification applied to each channel is unique to that channel.

The result is that all four images reconstructed from the zecorded data

have approximately the same average density, regardless of the actual

radiance within each channel. The point of this is that the four images

as printed and distributed by NASA do not contain valid spectral data.

But all is not lost, because the numbers on those original tapes can be

converted back into true radiance values in each channel, but the pro-

cess is not simple. It cannot be done by atalysis of the images; it can

only be done mathematically using the original digital tapes. So far as

we know, WES is one of a very few (and perhaps the only) organizations

that can perform this operation on a routine basis. The point here is

that, in order to use ERTS spectral data effectively, a massive amount

of manipulation of those data was required before analysis could begin.

However, the fact that very large amounts of data were handled

does not imply that a large computer was used. To process all four

channels of ERTS data for one 3cene (which is an area of about 10,000

square miles), 31,366,400 pixel numbers had to be processed in several

different ways. This is a large data file by almost any standard. Yet,

we did all of our ERTS data processing on a PDP-15 computer with 16,000
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18-bit words of core memory. So we would like to emphasize once again

that, while we use a great deal of computer processing, we do not use

a large machine. In fact, it is about as small a machine as one can

conveniently get.

Now let us return our attention t- photographic methods of storing

spectral data. You will recall that one methcA is by use of the I2 S

camera, which produces four images, each in a more or less discrete

spectral band. Please remember that the pictures are black and white,

but that the energy which produced them was separated into color bands.

Thus, one picture of the set was produced by blue light, another by

green light, and so on. The density of the image is thus a measure of

the amount of energy in each wavelength band. That is, it is, if one

knows the exposure time, the camera aperture, and the film speed used in

each of the four images.

The question is: How can the pictures be converted into quantita-

tive spectral data? This can be done by a process involviu, a scanning

microdensitometer (film reader) like the Optronics device illustrated

in fig. 37. This machine scans an image using an instantaneous field

of view (or scanning 3pot) that may be as small as 12.55 pm in diameter,

or as large as 800 um. This process breaks up the original picture into

pixels in a way closely analogous to the way the scanner aboard ERTS

breaks up an actual view of earth. In effect, we now have a number

array that represents a picture. The illustration (fig. 38) shows a

picture and a segment of its representative number array as printed out

by a line printer.

The number array is a measure of the amount of energy passing

through each pixel comprising the picture; the energy is proportional

to the film density, and the film density is a measure of the amount of

energy reflected by the corresponding area on the ground. This means

that we have a number array representing the amount of energy in each

pixel in the spectral band used to obtain the image. Obviously if this

process is repeated for each of the four I2S pictures, the result will

be a definition of the spectral composition of each pixel in the scene.

Once having obtained a number array on a reel of magnetic tape, a
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lot of things are possible. Let us mention only three. First, the

exposure used to record a picture on film is adjusted to some sort of

average radiance level. If there happen to be very bright or very dark

patches in the scene, the detail in those areas is "lost," because the

human eye can only discriminate among a relatively few densities (or,

in the jargon, grey levels). If the information we want happens to be

one of those patches, we're dead. The information may well be there,

but we can't see it. However, the microdensitometer can discriminate

among ' any more grey levels than the human eye, so it can "see" and

assign numerical values to things lost in the bright and dark patches.

It is then possible to isolate the light (or dark) patches, mathemati-

cally amplify the contrast, and reprint the picture so that the detail

within those areas is revealed to the human interpreter. The reprinting

is done with the same Optronics device used to scan the image in the

firsz place. This is one example of the general process called "image

enhancement" (fig. 39).

Aother very useful capability is usually called "density slicing."

Remember that all of the grey levels in a picture have been stored as

digits on a piece of magnetic tape. Suppose that we have a problem in

which the things we want to identify always present the same radiance

value throughout a scene. This is easy to solve analytically; the

computer is instructed to look at each value in the digital record mid

determine whether it matches the desired value or not. If it doFs.z not,

the machine "throws it away," but if it matches, it stores the position

of that pixel on a new reel of magnetic tape. We then run this tape

through the Optronics picture writer, and it prints out a picture of

all the areas characterized by the desired grey level. Here (fig. 40)

is a picture of a small part of the Chesapeake Bay which was obtained

by this process. In this case, a wavelength band was selected such that

open water gave a distinctive grey level, and the mathematics "sliced"
the digital record of an ERTS scene to retain the digital record for

only the surface water areas.

The next capability, made possible by having a digital record of

true radiance values in each spectral band, is identified by the general
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term "spectral matching." This procedure is very important, since it

opens the door to some quite elaborate forms of automatic interpretation

of remote-sensor products. It is also, unfortunately, a bit complicated.

We have already described most of the processes that go on, but for the

sake of ioherence, let us go over them again quickly. Start with light

reflected from a small patch of countryside (fig. 41). The sensor sees

Actu SpedrA.oeptilo sw InlerpuVtahi
Of LiOt Reachaett Swnsr Of it Reaching It

12 3 4 1 2 3 4
S , , ,

, ,
I I I I1

. I J i 1

Actual Frm of Record>

Uftnso bySnorSse

)vftv(

Fig. 41. Light from pixel converted Lo number proportional to
amount of energy detected
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the patch as a pixel, and it breaks up the light into (in the case of

EM, for example) four wavelength bands. The actual light reaching the

sensor is more or less a continuum of energy spread across the entire

visible spectrum, but the sensor sees it as four discrete bands. It

measures the total amount of energy in each band and records that value

* as a number proportional to the amount of energy. If we now have a

sample of material in which we are interested, we could point a

spectrophotometer at it at ground level and determine the spectral

composition of the reflected light (fig. 42), and we could then inte-

grate that light into the same four wavelength bands used in the sensor.

This would give us a set of four radiance values representing the

Digital Record -t A I

From Sensor(1 ofmi
~Band 1: 28 %

&BWd 2 ; 40 V

Spectral Compo~if ion of Light

Oand 2 40 40 Irradiance Vatues Avg
SaA3 26 26Within Each Band
Otmd 4 16 16 64" 1ad 28

8Bn 2: 40
64nd 3: 26

Fig. 12. Interpretation: material composing pixel on the

ground is the material of interest
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spectral composition of the material of interest. We can now look at

the radiance values in each band in each pixel, as seen by the sensor,

and compare them with the radiance values as measured on the ground.

If all four of the sensor-obtained values match all four of the ground-

control values, we have a spectral match, and we can jump tc the con-

clusion that the pixel being viewed by the sensor is composed of the

material in which we are interested. Unfortunately, this is not uni-

versally true, but it is a good starting place for a number of interpre-

tive processes. Which leads us to the next of the six basic processes

involved in the lie of remote-sensing systems.

It should not be overlooked that the oddball sensors also have

their special data minipulation requirements. For example, a gamma ray

sensor produces a string of numbers, each of which represents the num-

ber of gamma ray particles of specific energy level per unit of area.

In tabular form and with the energy level information unrelated to the

source atom, tiese data are pretty hard to interpret. But, if those

same data are sorted out and plotted as a map (fig. 43), the product

can be quite easy to interpret.

Information extraction

When all of the preliminary data manipulation procedures have been

completed, the true work of information extraction can begin. This can

be a rigorous mathematical process, using techniques like density slic-

ing and spectrum matching, or it may be achieved by essentially subjec-

tive procedures such as classical photointerpretation. 0, if the de-

sired data consist of things inherent in the three-dimensional geometrj

of the landscape, inforaation extraction can be achieved by photo-

grammetric processes. More oftei than not, it turns out that all three

processes are required. In view of this, an example or two of each is

included in the following discussion.

Let us first consider an example of spectrum matching. One prob-

lem facing the engineering community (and many others) is that of deter-

mining the distributions of suspended sediments in rivers, lakes, and

istuaries. Since suspended sediment consists largely of little chunks of

solid material distributed through a volume of water, it can confidently

57



S p ((1J
12

ISORADIATION MAP
ThM COUNTS x I000

QUARTZ MONZONITE PORPHYRYW

GRANITE

GRANITE
.,ALLUVIUM I

GEOLOGY MAP
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be anticipated that the amount of light reflected from the water body

will be proportional to the number of suspended particles, and that the

spectral composition of the reflected light will be related to the kind

of material comprising the particles. Thus, if the spectral composition

of a sample of water containing suspended sediments was measured, the

data needed to perform a spectral match with ERTS sensor data would be

in hand. The illustration (fig. 44) shows the correlation between con-

centration of suspended sediment in the York River and processed spec-

tral data in three of the four ERTS spectral channels.

The "error band" shown on the figure has nothing to do with the
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correlation statistics. It is the range of possible error in the ERTS

radiance values and represents primarily electronic system error. In

plain talk, that means that any given ERTS radiance value can be in

error by as much as plus or minun 2 percent. One way of looking at this

is to consider a "perfect" correlation to be one in which all of the

ground control data points would fall inside the instrumental error band.

And, in fact, it should be noted that they very nearly do. The apparent

anomalies, as illustrated by data point 13, turned out to be locations

where a different kind of sediment, with different spectral

59



characteristics, was present. The implication is that the method is

sena. ive enough to discriminate among types of sediments, if those

types are characterized by different spectral reflectances. The corre-

lation is so tight that we feel quite confident that we can "measure"

suspended sediment concentrations using multispectral data. We are, in

fact, using this technique to define the patterns of sediment distribu-

tion in some estuaries bordering Chesapeake Bay. An example of a pic-

ture produced by this technique is shown in fig. 45.

The density slicing technique is being used on a large scale to

map the distributions of water bodies using ERTS data. Since near-

infrared light is almost totally absorbed by water, the ERTS near-

infrared channel (that is, channel 7) can be directly sliced to isolate

those pixels obtained on open water surfaces. The general scheme is

illustrated in fig. 46. The ERTS digital record of reg'iance values in

channel 7 shows a sharp and significant change between "water" pixels

and "land" pixels. A threshold value is chosen that is well below

the "land" radiance value, but above the "water" radiance values. A

computer program then eliminates all radiance values above the threshold

value, and assigns a code indicating "this is a water pixel" to all

values below the threshold. The result is a new digital record of all

"water" pixels. The result is a relatively simple and elegant method of

mapping open water surfaces.

We do not ueali to imply that the procedure is infallible. It is

not. For example, if there i, haze in the atmosphere, backscattered

radiation reduces the contrast between "water" and "land" pixels, and

this significantly reduces the reliability of the separation. Other

kinds of things, like very high turbidity values in the water, may also

cause difficulties. Despite such problems, the technique has proven to

be very useful indeed.

It must not be assumed that the only way to extract information

from remote-sensor products is by way of digital processing. To the

contrary, digital processing techniques are still quite highly special-

ized and experimental. Far more information is currently extracted

from remote sensing products by what might be called classical
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PIL LAWE PIXELS

DIGITAL RECORD:
ALL VALUES OVER 1 1 0 0 0 0
1OREMOVED , : : , ,I I I I I I I I

I I I I I i I I

DIGITAL RECORD OF 42i i 3 4 14041
RADIANCE VALUES ,

I I

20 i ITHRESHOLD=I/

ERTS
ONE PIXEL .CHANNEL 7

SCAN LINE

Fig. I&(- Water pixels versus land pixels

photzinterpretation methods than by all. other procedures combined. In

view of this, direct interpretation of hard-copy images (that is, pic-

tures) should not be overlooked.

Photointerpretation is the primary current method of extracting

information from pictures because the human mind can integrate and draw

conclusions from incredibly sparse and unorganized sets of information.

We cannot program a computer to do the same thing because we do not

understand the process by which the human interpreters sort out the

trash and find the grain of fact. So the human interpreter is going to

be around for a long time.

This illustration (fig. 47) consists of a picture of a chenier in

the Mekong Delta and a similar feature in the Mississippl River Delta.

A chenier is an old sand beach ridge surrounded by swamp or marsh

deposits: Any scientist with photointerpretation training can quickly

-ecognize the basic feature, despite local differences in land
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utilization, cultural practices, and so on. Somehow, by processes

quite Mqsterious, he is able to filter out the "noise" in the images

and identify the cheniers. Having identified the feature, he can say

with considerable confidence where sand could be found in this land-

scape and where the soil vill be silt or clay. All of this, despite the

fact that the two pictures really don't look very much alike, at least

to the untrained eye.

Let us present another example, this time using an image formed

with a thermal infrared scanner (fig. 48). You will note that the image

is a mosaic made by assembling the products of three separate flight

lines, flown only a few moments apart. Irn theory, a thermal infrarcd

scanner measures the temperature of the thing being imaged. But if this

is so, one may well ask why adjacent strips exhibit such widely different

densities. It is obvious that the temperatures did not change so

dramatically in the few minutes between passes. There may be a number

of reasons for such anomalous data, but in the case of a thermal infra-

red sensor, the most probable reason is that the scanner operator

changed the gain settings on the instrument between passes. The result

is that the data are more-or-less completely useless for objective

analysis. Thus, despite the intention to correlate density of image

with ground temperature, and thus objectively evaluate heat fluxes in

the surface soil, the analysts were forced to fall back on purely sub-

jective analytical procedures.

The poin4 to be made here is that control of every detail of a

mission utilizing a remote-sensor system is absolutely essential. Under

certain circumstances, even a small change in rission profile, like

changing the setting on a single control dial, can force a major change

in information extraction procedures, or even, in extreme cases, wipe

out the entire effort. In this instance, the original intent was to

extract information about absolute temperatures, so that a temperature

isopleth map could be constructed. The failure to control the mission

profile made that objective impossible to obtain; instead, the informa-

tion that could be extracted was degraded to qualibative inferences of

cool versus warm areas. The philosophical point to be made is that a

64
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Fig. 48. Image formed with thermal infrared scanner
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human interpreter, using subjective techniques, was able to wring in-

formation out of the remote-sensor products, even though automated ard

objective processes had failed.

Information on "hard" cultural features, like roads, bridges,

buildings, land use practices, and so on, is among the easiest to ob-

taiii by conventional image interpritation. It is often assumed that

such information can be obtained from maps, but in a rapidly changing

environment this is usually not the case; the map is obsolescent by the

time it comes cff the presses. Problems requiring data on cultural

features are often such that considerable detail is required, and this

requirement usually translates into a specification for very sharp air

pho-tos at quite large scales. The type of film is sometimes not

critical, but the most widely used are panchromatic, false-color in-

frared, or (as in fig. 49) standard color. It should be noted also

that the picture is an oblique; such images are often more useful for

certain purposes than the more conventional vertical views.

There are a number of devices that have been designed expressly to

aid the photointerpreter. These include such things as the stereoscope.

This basic gadget comes in a lot of models, from simple little optical

instruments that can be carried in the shirt pocket to quite sophisti-

cated devices. The illustration (fig. 50) shows one of the more elabo-

rate, an Old Delft stereo viewer. With this device the interpreter can

use several different magnifications, optically rotate images for ease

of positioning, and so on.

Another standard device is really only a somewhat elaborate light

table (fig. 51). This one handles rolls of film transparencies and

comes equipped with a built-in stereo viewer and some other niceties.

There are some significant advantages ir, using film transparencies as

opposed to conventional prints, the most obvious is that the granularity

of the images is reduced, which means that the effective clarity of the

images is improved.

A not-so-standara device is the additive color viewer (fig. 52).

This device will take four film transparencies, such as those obtained

with an 12S camera, and optically bring the four images into accordance.
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Fig. 52. Additive color viewer



One can then assign a color to each image, and thus reconstitute a

color image out of as many as four black-and-white images. The colors

may be varied in intensity. A skilled operator can use this gadget to

effectively interpret multispectral images, which is no small trick.

Finally, r tote-sensor systems can be used to obtain netric data.

Given stereopairs, which are really nothing more than two images of the

same area taken at the same scale from slightly different positions,

almost any property inherent in the three-dimensional geometry of the

scene can be measured. For example (fig. 53), one can draw contours of

the topographic surface, measure

the heights of trees, buildings, 0 TOPOGRAPHIC CONFIGURATION
or bridges, measure the areas of * HEIGHTS 'OF OBJECTS (TREES,
lakes and fields, and so on. DAMS)
The most common, and one of the

most useful, devices for obtain- FRES O BECS(FORESTED AREAS)
ing such data from air pl.otn-
graphs is the 'Celsh plotter Fig. ;3. Example of three-

dimensional data that car,
(fig. 54). be obtained by remote-sensor

If the objective is to system

obtain reliable metric data, several things must be kept in mind:

a. The images must be very ;harp, reliability of measurement
is directly related to tlc sharpness with which the edges
of objects are portrayed.

b. The scale of the image must be large enough to permit a
measurement of ',,c item of interest. One way of keeping
this in mind is to remember that a standard 28-ft pavement
is less than 0.5 mm wide on a photograph with a scale of
1.20,000. In practice, thi. means that to even roughly
approximate the width of th roadway by measurement from
the photograph requires the ability to measure listanceo
of about one one-hundredth of a millimeter. This is very
hard to do. The best meacurement device for such purposei
is the Comparator (fig. 55), which in theory will measure
distance as small as one one-thousandth of a millimeter.
In practice, it is not quite so good.

c. The image must have enough contrast between the object
being mcasured and the area around it so that the edge is
easy to see.
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A word of caution. It does very little good to enlarge a photo-

graph, hoping thereby to make things easier to measure. The reeason is

that the edges get fuzzy faster than the image expands, and so the ac-

curocy of boundar - identification quickly degrades.

Information Pres.ntation

Having obtained the information or data that was the objective of

the remote-sensing exercise, there is often a tendency to relax and

as-ume that the mission has been accomplished. However, there is one

more essential step, namely that of putting the acquired data into a

form such that it can bG readily used for the purpose in hand. For

example, -uppose the objective was to determine the configuration of

channel segments along a large river. Let it be further assumed that it

would be possible to obtain stereo-imagery of them at appropriate scales.

We can then imagine analysts obtaining an array of elevation points of

the above-water portion of the channels by photogrammetric processes.

Below-water elevations might be obtained by sounding. At this point

they have in hand all of the data they were after. The difficulty is

that those data are not in a form that makes them easy to use. Perhaps

the people who want the data want a number of closely spaced cro's

sections, or perhaps they want a contour map (fig. 56). The illustration

shows a contour map of a side channel on the Mississippi below St. Louis.

The data were obtained by using two remote-sensing systems in conjunction:

a sonic depth-finder (which is, you will recall, a line-scanner system),

and stereophotographs at a scale of 1:1000. The sonic depth finder

provided data for constructing the below-water configuration, and

photogremmetric procedures were vsed to obtain data for the construction

of the above-water configuration. The data from both sources were

utilized by a computer program that automatically constructs contour

maps using random arrays of XYZ coordivates. These data are now in a

form in which they can readily be used, and so the job of the remote-

sensor types has at last been concluded.

Let us look at some other kinds of products, produced by remote-

sensor analysts, for various purposes. A relatively new product,

ccmputer-drawn from the same data files used to generate contour maps,
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is the block diagram (fig. 57). It is, as you can see, composed of a

number of closely spaced cross sections. This kind of product has

proven to be very useful to people who plan recreation facilities,

scenic roadways, and even things like flood-control systems. In at

least one instance, they have been used for public relations purposes

to show how a landscape would look before and after modification.

Distribution maps are also very useful. For example, the Missis-

sippi River Comission and the Lower MWssissippi Valley Division were

very much concerned with the distribution of floodwaters during the

1973 flood. This illustration (fig. 58) shows the extent of the flood

on a reach of the river below Memphis, Tennessee. It was generated by

using the density-slicing technique, which was described earlier, on

ERTS data obtained during the height of the flood. The rap was drawn

entirely by computer processes directly from NASA digital tapes.

Sometimes it turns out that a map alone is not enough; instead,

what is required is an interpretation of some property of a map (or,

more properly, of the terrain represented by the map). The unshaded

area in this map (fig. 59) is the area visible from the point marked by

the asterisk at the lower left corner. This interpretation of topo-

graphic data was drawn automatically by the WES computer and an incre-

mental plotter. This routine might be quite useful, for example, for

optimizing the location and height of a fire tower or positioning a

scenic overlook in a recreation area.

In these dayrs of concern wit. environmental problems, remote-

sensor data users are often faced with the problem of mapping distri-

butions of very complex associations. For example, a relatively conon

requirement is for maps showing the associations of soil types, topo-

graphic slopes, and vegetation types, because specific animal and plant

species tend to occupy habitats or ranges characterized by specific

combinations of these factors. It thus often develops that the planners

ask for maps showing distributions of complex factors. Many of these

factors may be interpreted from remote-sensor data. For example, a

skilled interpreter supplied with adequate ground control can often

discriminate among even very subtle differences in vegetation and soil
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Fig. 58. Sample overlay of flood in Lower

Mississippi River Valley
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types and thus can effectively map such characteristics of the terrain.

The problem sometimes comes when he is asked to put all cf the maps

together to show the specific locations of patches of ground charac-

terized by a particular forest type, slope class, and soil type. This

illustration (fig. 60) shows the general principle involved: the three

factor maps (basal area, which refers to a characteristic of vegetation,

slope, soil strength) are "stacked" to produce the factor complex map.

This process, which looks so simple, is actually very exacting and time

consuming, uad therefore expensive. Yet, it is often essential to the

solution of ecological problems. Fortunately, the WES has had-to pro-

duce such maps many times in the past, and some quite elegant routines

are available for achieving the compilations.

Maps showing time sequences are often helpful, especially in urban

planning. It is often possible to find airphoto sets spaced in time but

covering the same area. With such sequences a skillful interpreter can

map land-use types, the distributions of "hard" cultural features (as

was done to produce this map of a part of Fort Belvoir (fig. 61), and so

on. The difficulty is that only rarely will all sets of imagery be at

the same scale, and never will they have the same degrees of tilt or

other distortions. The remote-sensor data analysts are thus faced with

major problems of rectification and scale adjustments. Until very

recently, the procedure was to adjust the photo scales to a common value

by enlarging or reducing the photos and transferring annotated data on

the resulting photos to maps by the old tried-and-true "eyeball method."

There were two problems. First, the rephotographing process degraded

the quality of the pictures and thereby reduced the -t'eliability of the

interpretations or analyses. Second, the "eyeball method" of trans-

ferring data is notoriously inexact and inefficient.

A far better method is now available. The procedure is to work

directly on the available photos, regardless of scale or distortion.

The annotations are then transferred to a computer file by a digitizer

(fig. 62). A computer program then mathematically adjusts the scale and

corrects distortions, so that all of the pieces fit together. This

procedure was used to bring diverse data sources into accordance to
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CULTUAL FEAURES
1912 COVERAGE FORT BELVOIR, VA

LEGEND
1 BUILDINGS
2 AIRF '?TS

- - - 3 ROAfl I-LANE, HARDSUEPACED
4 ROAD, 2-LAIE, IIARDSURFACED

- - - - 5 ROADA NSURFACED
6 RAILROAD, SINGLE TRACK

N H pII1 I RAILROAD, MULTIPLE TRACK
8 NAVIGAT IONI-
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Fig. 62. Example of a digital converter
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produce this map (fig. 63) of the sanitary sever system of metropolitan

Chic ago.

..... .... ... ,

CHICAGO STUDY AREA

PROGRAM NUMBER - FTJS3
SEGMENTED MAP OF STUDY AREA

SEGMENT LENGTH - I MILE
INPUT FILE - DCS01 1

\. . OUTPUT FILE - DCS013
, ..; . ': " ' .L "PLOT FILE - DJS306SCALE FACTOR OF PLOT - I

DATE OF PLOT 3 MAY 1971

'N ~-TIME OF PLOT 1127 HOURS

*,;,

Finlly whl it may- not - p-op,, rly be thi hn , mote-sensor
users smtime get drw into L the buins of deeopn the .prole

', .,. - ,, , .% ', ' .'.- ,, - , ,

Finall, w- ,.hi ite note hppey becthe thg , roe- senso

identification, information acquisition, information extraction, and

84
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data formatting become so inextricably tangled with the problem analysis

that everyone loses track and each person does whatever is necessary to

solve the problem. And so we find remote-sensor users preparing files

for and writing programs to use data which may have been acquired only

in part by remote-sensing systems. Here (fig. 64), for example, is a

RNNING TIME: 2.2 SECS I/ TIME 1 1.0 SECS

READY
OLDt rLDSTe

PtADY

RUNNH

-------------------------- -------------------------------------

ENTER RESERVOIR NAME ?ROWLESBURG PLAN A

ENTER EFFECTIVE DRAINAGE AREA OF NESERVOIRFULL POOL
STORAGE. AVAIL.WATER FOR FLOW AUG..MIN.POOL STORAGE,(AF.)

?936.870400. 462849s9400

ENTER MONTH s=JANUARY*2zFEBRUARY.ETC,
?7

RESERVOIR CAN STORE 5 INCH RUNOFF
RUNOFF IN ACRE-FT? 64896.RES. NOW CONT. 537145.AF.
RESERVOIR CAN STORE MONTHLY RUNOFF
RES. CAN STORE 6.68 IN. OF ADDITIONAL RUNOFF
WATER AVAIL. FOR FLOW AUG. IS 527745.ACRE-FT.

RUNN1#;G TIMEs 2.1 SECS I/0 TIME t I.A SECS

READY
OLDI FLOW

READY
RUNNH

ENTER NO. OF RESER!2IRS#WATER AVAILABLE FOR FLOW AUG.(.%F)
?1. 527745

ENTEk MONTH AND YEAR FOR WHICH FLOW AUG. IS TO BE
CONDUCTED& I=JANUARY *ETC., 181975* 2=1985&ETC.

AND EXCESS VOLUME DISCHARGE RATE (CFS)
?7,93*0

THE DISCHARGE RATE FOR RES. I IS 2201.60CFS
WATER REMAINING AFTER FLOW FOR RES. I IS 396741. AF.
RES . IS DRAWN 'TO MIN, POOL IN 120.O8DAYS
THE FLOW REQUIREMENT IS MET FOR YEARMONTH 3 7

Fig. 64. record from conversational
mode computer program
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record of a conversational mode computer program that was written to

solve some problems relating to the positioning and characterization of

a set of flood-control and water-quality storage reservoirs in West

Virginia. Some, but by no means all, of the data in the files that

drive this program came from remote-sensing systems. But the sensor

users helped write the program.

State-of-the-Art

By now, it must be apparent that successful use of remote sensors

requires considerably more than just "taking some imagery" or "flying an

area. if We have defined six essential processes that must be accomplished

if use of a remote-sensing system is to result in useful information--

problem specification, ground control data acquisition, remote sensor

information acquisition, data manipulation, information extraction, and

information presentation. Identification of these processes is the

result of a great deal of experience at the WES in the remote-sensing

"school of hard knocks."

A number of sensor types have been introduced, some fairly common

and some not so common. In addition, some devices and some information

extraction and presentation techniques have been mentioned that have

been found to be quite useful in connection with our projects in which

remote sensors were used. The intent has been to not only provide an

overview of the current state-of-the-art of remote sensing, but also to

introduce some of the current remote-sensing capabilities of the WES.
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